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Abstract

In the era of Industry 4.0, the success of the adoption of advanced technologies depends
on how they are assimilated and incorporated into current production systems. This
work focuses on analyzing the state of technological adoption in Small and Medium En-
terprises (SMEs) in the metalworking sector in Argentina, analyzing the ICT products
implemented in each of the functional areas of the company that maintain interaction
with the people who operate them and identifying the knowledge and capabilities of real
users for each functional area. For this purpose, an expanded InTICs®methodology was
used to measure the degree of technological maturity of a productive company. The
obtained results show that most of the companies surveyed present a medium level of
technological maturity, with variations depending on their size. Microenterprises tend
to register a basic level of maturity, while medium and large companies show greater
adoption of advanced technologies. These results offer a detailed vision of the integra-
tion of Industry 4.0 technologies in Argentine metalworking SMEs, providing valuable
information to identify users and the levels of interaction between people and the tech-
nologies they operate, as well as to analyze the required human capabilities and training
strategies to promote digital transformation in this sector.
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1 Introduction

The Technological Transformation in global industrial production has drastically changed the methods of
production in recent years in terms of processes within companies, in value chains, energy use, as well as
in the necessary capabilities and knowledge of workers in different branches of production [I]. The impact
of the Fourth Industrial Revolution, recognized as Industry 4.0, provides a new perspective to industrial
companies, generating an unprecedented transformation through the integration of all production areas
through digitalization and the creation of new communication channels [2]. The adoption of advanced
technologies, such as artificial intelligence, the Internet of Things, digital twins, robotics and data analytics
offer multiple advantages through the interconnection and communication between machines, the collection
and analysis of large volumes of data and the automation of processes, generating significant contributions
to productivity levels, cost reduction and the quality of the goods and services produced [3, [, [5]. This new
paradigm influences the strategies and operations of companies, as well as how organizations and consumers
interact and exchange value, also allowing the efficient adoption of personalized production and innovation
in business models [0} [7, 8, [@]. In this way, a rapid adaptation of companies to these new technologies is
crucial to maintain competitiveness and make the most of the opportunities offered by their implementation
in the transformation of products, services, operations and even business models [I0, I1I]. The success of
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its adoption will depend on how such technologies are assimilated and incorporated into current traditional
production systems.

Along these lines, the identification of ICT (Information and Communication Technologies) products
adopted by companies, which allow the operation of the different areas, is essential information to detect
the users’ profiles who maintain interaction with the implemented products, as a basis for advancing in the
analysis of their interaction and in the design of technological products focused on specific forms of operation
[12, 13].

This work presents the results of a study carried out in an industrial district of the Province of Buenos
Aires, Argentina, using an expanded version of the INTIC’s®methodology. In this study, a sample of compa-
nies in the metalworking sector made up mostly of micro and small companies, was evaluated in the period
August-October 2023. The technological products adopted by the companies in each of their main functional
areas were identified, such as Logistics, Production, Sales, Accounting and Finance, and Engineering. In
addition, the level of training and technological skills of the users who operate these technologies in the
companies surveyed was determined.

Finally, with this information, the level of technological development of the sector was established. These
results allow us to identify key areas where technological and human development opportunities should be
focused to promote the adoption of advanced solutions linked to Industry 4.0 and strengthen the competi-
tiveness and sustainability of metalworking SMEs in Olavarria, Argentina.

The paper is structured as follows: in Section 2 the related works; in Section 3, the proposed methodology;
in Section 4 the corresponding results; and finally, in Section 5 the conclusions.

2 Industry 4.0 and the Human Factor

Several researchers have contributed to building the new concept of Industry 4.0 by introducing and describ-
ing theoretical aspects and offering practical solutions, applied mainly to large companies.

Research in this field is generating significant interest and is developing in multiple directions at a global
level. In general, contributions focus on the definition of digital transformation models from the perspective
of business models and innovation [14]. These proposals focus on a strategic vision of the functioning of
the organization as a whole and propose models that allow the maturity of organizations to be assessed,
analyzing different aspects of functional structures and human resources capabilities with the incorporation
of new technologies. From this perspective, the transformation towards Industry 4.0 implies an evolutionary
process by companies that requires the adoption of technologies, their integration into different functions,
as well as the transformation in the various aspects and dimensions of an organization [15].

In this sense, the concept of “maturity” for Industry 4.0 is essential to understand the state of technolog-
ical integration and innovation of companies. Taking this concept as a basis, in recent years, a multiplicity
of Maturity Models have emerged to measure Digital Transformation in the manufacturing industry. Specif-
ically, such proposals focus on measuring a specific set of competencies within an organization, defined to
perform its functions and determine the state in which they are, according to the capabilities they have.
These different models propose the evaluation of the current state of an organization as a whole and structure
a chain of logical processes that a company must follow to improve its capabilities and advance in its level
of maturity.

Some bibliometric studies allow the observation of the diversity of maturity models applied to the eval-
uation of the management of technologies for Industry 4.0 [16], as well as the maturity assessment models
applied to different domains and types of technologies in the business context [17].

These models provide different methodologies that allow for the assessment of the given maturity in
relation to the use of new technologies that facilitate the execution of processes to generate greater com-
petitiveness of companies in the market. In general, their structure is very robust and applicable for the
analysis of different companies belonging to the manufacturing, service or commercial industry sectors. How-
ever, their robustness and complexity for analyzing a company in the transversality of all its processes and
capabilities is difficult to understand and apply for SMEs in Latin America.

However, little research contemplates the use of Industry 4.0 technologies in small and medium-sized
companies (SMEs), mainly due to the difficulties they show in integrating modern digital technologies and
transforming their production processes [I§].

According to [19], the main limitations of SMEs to incorporate advanced technologies in their processes
and operations are related to the lack of resources and knowledge, low levels of digitalization, resistance
to change, short-term strategic mentality, difficulties in establishing collaborations with researchers and
problems accessing funding sources. Along the same lines, a study carried out by the Inter-American Devel-
opment Bank (IDB) [20], during the period 2019-2020, revealed the perception of the companies surveyed
regarding digital transformation, obtaining as its main result the lack of knowledge about the available



technologies, the processes for their adoption and the technological potential that they represent for their
particular businesses [21I]. Likewise, studies carried out by ECLAC [22], 23] reveal a significant gap in the
digitalization of companies based in Latin America, which could worsen in the coming years, considering the
accelerated evolution of digital transformation worldwide. In this sense, the IDB recommends the immediate
implementation of both public and private initiatives to support small and medium-sized companies in the
adoption of technological solutions to enhance their operations [22] [24] 25].

Many authors agree that it is necessary to pay special attention to the factors that determine the success
of digital transformation in SMEs, such as technological excellence, capacity in Information Technology (IT),
the Human factor and their alignment with the business [5]. However, for these factors to be adequately
achieved, those responsible for SMEs must have a medium-long-term strategic vision and a solid understand-
ing of the implications of digital transformation, which does not fit the reality of most industrial companies in
Latin America [20]. Such a situation complicates the transition process of SMEs towards the new productive
paradigm, mainly due to the difficulty that their leaders and members experience in fully perceiving the
benefits that this transformation brings [I9] 26]. On the other hand, an emerging paradigm called Industry
5.0, which emphasizes human centrality, places the well-being of workers along with other human values
related to employees, customers, and society in general, at the center of manufacturing/production processes
[27]. In this sense, various authors [28] [29] highlight the predominant role that people have in the industry,
proposing a conversion towards an interconnected industry where human capabilities are central in what they
identify as Industry 5.0 [30]. In these works, the interaction of humans with the technologies that operate
in the development of their activities within companies is studied from three perspectives: the knowledge of
people, the capabilities required by the positions and the functions to be performed. However, few studies
analyze the specific aspects of people in their daily operations and interaction with digital technologies.

The human factor in Industry 4.0 is closely linked to the attention required by the problem of people’s
interaction with the technologies they use. Since Human-Computer Interaction (HCI) is a discipline that
promotes the design, evaluation and implementation of interactive computer systems for use by human
beings, the analysis of users in the real context of use is significant [31I]. In this sense, the identification
of the specific technologies implemented with which people interact to perform different functions in the
business field requires a study of their different attributes, as well as a task analysis for the development of
their work activities.

This is why the study of the technologies available for digital transformation requires focusing on the
design of systems that address the type of interaction maintained by the human beings who operate them.
Being usually the type of social and natural interaction, the impact of the Human Factor in the transformation
towards industry 4.0 requires an identification of the knowledge, as well as the type of interaction they
maintain with the technology and devices they operate. To do this, an analysis of the users is necessary, based
on identifying the specific products they operate and the application of different task analysis techniques, to
identify their needs when implementing new technologies.

In this context and considering the critical role that SMEs play in generating employment and contribut-
ing value to the global economy, it is essential to establish management practices that guide this type of
companies to face the predictable transformations that they must carry out. As [32] points out, it is neces-
sary to develop a new set of digital transformation capabilities that allows organizations to be flexible and
able to change to transform their operating models and generate new value propositions for customers. In
this sense, it is relevant to investigate the digital transformation capabilities that industrial SMEs exhibit to
assimilate and take advantage of modern technologies [33]. The analysis and identification of a company’s
technological potential provide significant information to obtain a holistic view of its current situation and
facilitate the development of action and investment plans in IT to take advantage of technological resources
in line with its goals.

Given this scenario, the present study aims to identify, in a comprehensive and detailed way, the tech-
nological capacity possessed by SMEs in the metalworking sector of Olavarria, province of Buenos Aires,
Argentina, to determine their current level of technological development, which includes as a central element
to the users of the technologies for the execution of the tasks. To do this, a methodology adapted from
the ICT evaluation model in the industry, created by the authors [I8], will be used. The results obtained
will shape a relevant input for the management of the companies participating in the study, facilitating
decision-making for their future digital transformation [T9]. Likewise, such results will also shape a crucial
database for municipal public administrations to strengthen the efficiency and effectiveness of their programs
dedicated to promoting Industry 4.0 in SMEs in the region. It should be noted that the Municipality of
Olavarria and the management of the town’s industrial parks do not currently have detailed and updated
information on the industrial SMEs in the area since 2012 when the last industrial census was carried out;
therefore, the data obtained here represent a great contribution to such institutions [34].



3 Material and Methods

The city of Olavarria shows a strong industrial profile with a significant contribution to economic activity and
the generation of productive employment in the Province of Buenos Aires. Its main activity consists of the
“Manufacturing of non-metallic mineral products,” which generates the greatest contribution to the Gross
Production Value, at the local and regional level. In second and third place are the manufacturing activities
of “Food and beverages” and the “Metalworking” sector, within which the activity of “Manufacturing of
metal products, except machinery and equipment” stands out.

To identify opportunities for improvement and develop strategies that promote the technological advance-
ment of metalworking SMEs in Olavarria, Argentina, a methodology based on an exhaustive exploratory
study and empirical validation of the designed diagnostic tool was implemented.

In the first phase, an exploratory study was carried out to identify the essential variables and dimensions
necessary to build an accurate diagnostic tool. This process included a literature review, analysis of previous
experiences, and consultation with experts in the sector, which ensured that the tool captured the most
relevant aspects of digital transformation in the local context. The diagnosis was organized around four main
axes of analysis: i) Organizational structure; ii) Strategy and decision-making; iii) Information technologies
and digitalization; and iv) Human talent. Each axis incorporates various specific analysis dimensions, as
detailed in Table [1

Table 1: Axes of analysis and their dimensions

Axis Dimensions
i Organizational -Local roots and experience
structure -Size of companies

-Main activity
-Legal figure

ii  Strategy and -Strategic positioning
Decision- -Competitive priorities of the sector
making -Understanding of 4.0 technologies

-Strategic data management for decision making
-Internal barriers to digital transformation
-Challenges and obstacles in the sector

iii  Information -Information technology management
technologies and -Level of digitization of processes and documents
digitalization -Use of hardware equipment (InTICs®)

-Use of infrastructure equipment (InTICs®)
-Use of software (InTICs®)
-Implementation of 14.0 technologies
-Adoption of cybersecurity solutions
-Technological maturity according to InTICs®
iv. Human talent -Critical digital skills
-General level of training and technological skills by area
-Interest in training offer in 14.0 technologies
-Profiles with specific skills

The diagnostic tool was then validated by applying it to a representative sample of companies belonging
to a significant industrial cluster in the region. The companies were selected in a probabilistic manner to
ensure the representativeness of the results. This empirical validation allowed us not only to evaluate the
effectiveness and precision of the tool but also to adjust it to the particularities of the regional metalworking
sector. Through this field application, valuable data was collected that facilitated a deeper understanding
of the current levels of technological maturity and the main areas of opportunity for SMEs in the sector.

For data collection, a questionnaire of 51 questions was used, distributed in seven sections: company
identification, respondent data, general characterization of the company, technological capabilities, emerging
technologies, staff skills and training, and connection with other institutions. It should be noted that
26 of these questions were based on the InTICs® evaluation model, developed by researchers at UNLaM
(Universidad Nacional de La Matanza), which allows for a numerical evaluation of the use of technologies in
the main functional areas of the company.

Finally, the study was carried out on a group of companies in the metalworking sector of Olavarria to
validate the methodology developed. The study population included private equity companies classified as
micro, small, or medium-sized, with more than four months of operation and staff on the payroll. Through



the Economic Development Secretariat of the Municipality of Olavarria, the Industrial Union of Olavarria
and the Association of Industrial Parks of Olavarria, forty-three companies that met these criteria were
identified.

Equation[I] was used to determine the representative sample’s size, framed in the simple random sampling
technique. The parameters considered were:

- Sampling error (e): An acceptable limit of sampling error of 0.1 was set, which means that a deviation
of 10% in the results concerning the total population is allowed.

- The proportion of success (p): It was set at 0.5, representing the proportion of companies expected to
have an average level of technological maturity. This proportion maximizes the sample size, given that the
variability is maximum when p = 0.5.

- The proportion of failure (¢): This parameter is calculated as ¢ = (1 — p). In this case, ¢ would also be
0.5, indicating the proportion of companies that do not reach the average level of technological maturity.

- Confidence level (Z): A confidence level of 90% was defined, which implies that one wants to be 90%
sure that the confidence interval will estimate the true population parameter.

With these parameters, a representative sample size of 27 companies was obtained; however, 33 companies
were surveyed. The selection of these companies was carried out probabilistically by assigning random
numbers within the sampling frame.

Z2xpxqx N
n= (1)
(N —-1)4+Z2xpxgq

The data collection process was carried out through Google Forms, administered electronically, and
through personal interviews by trained interviewers, guaranteeing the quality and reliability of the infor-
mation collected for an accurate evaluation of the situation of metalworking SMEs in their adoption of
digital transformation. The form (Spanish version) can be found at the following link: https://forms.
gle/98TCXLDhenit9gBW6.

The proposed methodology allows, on the one hand, to establish the technological maturity of the compa-
nies surveyed through a detailed analysis of the Information and Communication Technologies used in their
main functional areas through the use of the InTICs®model [I8] (Axis iii). On the other hand, the remaining
axes of analysis (i, ii and iv) address key aspects such as organizational structure, strategy and decision-
making, and human talent, allowing a comprehensive view of the strengths, weaknesses, opportunities and
threats of SMEs in the sector under study.

The InTICs®index is structured from technological products differentiated into three main components:
Software, Hardware and Infrastructure. These components are grouped according to the specificities of each
type of technology and the functional areas where they fulfil specific tasks within the industries [I8] [35].

The generic functional areas that differentiate the index, in which a typical company is structured to
develop the different functions, are the following:

e Logistics: includes Inbound and Outbound Logistics tasks.
e Production: includes Operations activities.
e Sales: includes Marketing and Sales functions.

e Management: includes support functions of Company Infrastructure and Human Resources.

Accounting and Finance: part of the Company’s Infrastructure support activities.
e Engineering: includes Technology development activities, product and process design functions.

e Purchases.

Once the technological products are identified at their intersection with each functional area, the index
generates a valuation for each product, which results from a weighting between the time they have been on
the market, the contribution of sensitive information for decision-making, the complexity of the problem it
solves, the impact on process improvement and the contribution to greater efficiency in the use of resources.
The total value obtained from this weighting is categorized into three levels:

e Basic Level for those companies that have old technology.
e Medium Level for those companies that have medium current technology.

e Advanced Level for those companies that have advanced technology.
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The number of ICT products identified by the index is 74 in the different functional areas, within which,
those corresponding to the Basic Level are 20, those of the Medium Level are 30 and those of the Advanced
Level are 24. Not all the products included in the Advanced level are of the latest generation, but they
are essential for the integration and operation of the others. Therefore, the set of Advanced level products
defined by the index includes the technological products that make up Industry 4.0 [18].

Both results are essential to design a digital transformation plan, with action plans and specific strategies
to move towards digital transformation, to strengthen the competitiveness and sustainability of companies
in the region analysed. The results obtained provide a comprehensive and detailed view of the technological
capabilities of metalworking SMEs, identifying problem areas and opportunities for improvement. This input
is key to facilitating decision-making, boosting technological development in the context of Industry 4.0, and
ensuring the adaptability and resilience of these companies in a constantly changing and evolving business
environment.

4 Results: Technological Capacities Diagnosis

The study carried out on metalworking SMEs in Olavarria, Argentina, provided a comprehensive and detailed
view of their level of technological maturity and technology adoption in the main functional areas of the
companies. The main results obtained in each of the axes of analysis presented in Table [1| are presented
below.

4.1 Axis(i): Organizational structure

Concerning the diversity in the business size of the companies surveyed, Fig. [I] shows the predominance of
microenterprises with less than 15 employees (50%) and small companies with a range of 16 to 60 employees
(30%). Medium-sized companies represent only 18%. This data not only defines the scale of the company
but is also fundamental to understanding its operational capacity and the impact it has on local employment.

Small Medium
section 1
30.3% 15.2%
/ Medium
section 2
3.0%
Micro
51.5%

Figure 1: Distribution according to size

Then, Fig. [2 highlights the manufacturing of metal products as the main activity, with 60% of companies
in this activity, mainly linked to the production of containers, tanks, metal tanks, metal structures, wood
heaters and articulated beds. This specialization is complemented by the presence of metallurgical services
as a second priority activity, which is evidenced in 17% of them [34] 36].

These SMEs have a solid track record, with 80% of them operating for more than a decade, demonstrating
their consolidated presence in the local business community. In terms of legal form, corporations (50%) and
limited liability companies (23%) prevail, showing more complex legal structures. There is also a significant
presence of sole proprietorships (18%), indicating the existence of small individual entrepreneurs in the
sector. In addition, the gender composition of these organizations was surveyed, and it was found that only
19% of the total number of employees in the companies evaluated belong to the female gender.

These results reflect the heterogeneity of the business fabric in this industry. This diversity can be an
opportunity to implement strategies adapted to different business scales. It also highlights the importance of
considering specific approaches for microenterprises, given their preponderance in the sector, when developing
support, training and technological development policies.
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Figure 2: Distribution according to economic activity

4.2 Axis(ii): Strategy and Decision-making

As for the strategy and decision-making axis, an exhaustive analysis of the strategic positioning of the
companies is carried out, including the identification of sectorial competitive advantages, the evaluation of
the maturity in the use of data and the use of indicators to optimize processes.

The survey highlights that 50% of the companies recognize the importance of a strategic vision and the
impact of technological changes on their business. Likewise, 42% of them consider themselves very involved in
day-to-day operations and with little time to devote to strategy. Finally, only 4% incorporate the principles
of Industry 4.0.

In the complex business fabric, the ability to transform data into strategic decisions and evaluate process
indicators is one of the fundamental pillars of the 4.0 paradigm. The data show that 36% of companies
rate the use of quantitative information for decision-making highly and around 50% rate it moderately, as
shown in Fig. 3| Regarding the management of indicators in companies, 60% still rely mainly on the manual
collection of information (Fig. E[) This contrast highlights a notable gap between the perception of the
importance of data and its effective integration in the daily monitoring of processes.

Low
18.2%
High
36.4%
Medium
45.5%

Figure 3: Valuation of data for decision-making

In this scenario, it is essential to strengthen the adoption of predictive analytics and strategic planning
tools based on the use of artificial intelligence to improve decision-making and business management. Finally,
the lack of knowledge about Industry 4.0 technologies, the limited digital infrastructure, the shortage of
skilled labour, difficulties in accessing financing and the high volatility of costs are the main challenges
identified by the sector.
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Figure 4: Use of indicators in the production process

4.3 Axis(iii): Information technologies and digitalization

When analyzing the level of technological maturity reached by Olavarria’s metalworking SMEs in this axis
(Fig. |9), it is revealed that, in general, the sector presents a medium level of technological development
in approximately 76% of the companies. This finding indicates that most of the companies have medium
current technologies, which offer a moderate contribution of sensitive information for decision-making and the
resolution of complex problems. In addition, these solutions have a medium impact on improving processes
and contributing to the efficient use of resources. However, the remaining 24% of the companies are positioned
at a basic maturity level, which implies that they use old technologies that provide little information for
decision-making and have a limited impact on process improvement and operational efficiency.

Medium 75.8%
Basic 24.2%

0% 20% 40% 60% 80%

Figure 5: Level of maturity of the sector according to score

When the results are broken down by company size (Fig. @7 it can be seen that the largest companies
(medium-sized) have all reached a medium level of maturity. In contrast, in the case of small companies,
there is a more heterogeneous distribution, with a minority at the basic level and a majority at the medium
level. Finally, in micro-enterprises, the distribution is more equitable, with 40% at the basic level and 60%
at the medium level [34] [36]. These results are relevant for identifying the key areas where technological and
human development opportunities should be focused to achieve the greatest impact on regional economic
growth.

There is a need to focus improvements on micro and small enterprises, encouraging the adoption of
technologies, training programs and technical advice. It is also crucial to generate specific solutions and
training to respond to the predominant activities of the sector.

Once the general level of technological maturity in the companies analyzed has been established, it
is essential to study in depth the technological products used in each functional area. This will make it
possible to identify specific opportunities for improvement and development in the different dimensions of
the business. Following we present the ICT usage in the different analyzed areas.
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Figure 6: Level of maturity of the sector according to score and size of the companies

4.8.1 Logistics Area

Starting with the Logistics area, the ICTs implemented allow users to perform key tasks such as warehouse
administration, fleet management, order generation and transportation of goods. They also facilitate com-
munication with suppliers, tracking of materials and deliveries, and inventory management. However, when
analyzing the technologies applied in the companies surveyed for this area, there is a predominance of basic
solutions (57%), followed by medium-level technologies (33%) and a scarce 10% of advanced technologies
linked to Industry 4.0 (Fig. [7).

= Basic
= Medium

Advanced

Figure 7: Distribution according to Logistics score

Advanced-level products deployed include Internet of Things (IoT) networks, business intelligence, pro-
duction control and collaboration systems. These can optimize key logistics processes, but their adoption is
still limited.

To boost efficiency and competitiveness in this area, it is recommended to prioritize investments in IoT-
based inventory and fleet management technologies. In addition, it is crucial to strengthen data analytics
capabilities to leverage the potential of existing solutions and generate cost savings through more agile and
accurate logistics.

4.8.2  Production Area

Regarding the Production area, ICT products implemented in companies allow the users who operate them
to carry out the activities of transforming raw materials into finished products to be sold for consumption
or as input for other products in a value chain.

These technological solutions play a fundamental role in the automation of operations, the replacement of
manual tasks by robots, the control and planning of production, the reduction of material losses and quality
assurance along the production lines.

When analyzing the technologies applied in the companies surveyed for the Production area, there is a
predominance of basic solutions (50%), followed by medium-level technologies (34%) and 16% of advanced



technologies linked to Industry 4.0, as shown in Fig. The advanced-level products implemented include
networks for the Internet of Things (IoT), production control systems, computer-aided manufacturing and
engineering, artificial intelligence and automation. These tools make it possible to optimize key production
processes, reduce costs and improve the quality of end products. However, their adoption is still limited,
with ample room for improvement.

= Basic
= Medium

Advanced

Figure 8: Distribution according to Production score

Given this scenario, it is essential to enhance automation and the integration of artificial intelligence
techniques to take advantage of the full potential of these technologies and achieve a more efficient and higher-
quality production. This will require strategic investments, but the benefits in terms of competitiveness and
long-term sustainability will be significant for Olavarria’s metalworking SMEs.

4.8.3 Sales Area

Regarding the Sales area, the ICTs adopted in companies allow the users who operate them to carry out
sales tasks through different sales channels of the value chain, sales through electronic commerce, and
digital marketing. In addition, facilitates the management of information about market prices, customer
relationships or business trends. When analyzing the technologies applied in companies for the Sales area,
57% correspond to Basic technologies, 31% to Medium technologies and 12% to Advanced technologies, as
presented in Fig. [0

Basic
= Medium

= Advanced

Figure 9: Distribution according to Sales score

The advanced-level products implemented include networks for the Internet of Things (IoT), geolocation
systems for advertising, virtual reality and collaborative tools. These enable improved customer experience,
optimized marketing campaigns and increased sales.

In this context, it is essential to drive the adoption of CRM (Customer Relationship Management)
solutions integrated with data analytics and digital marketing. This will enable metalworking SMEs to
better understand their customers, anticipate their needs and offer a superior experience across all touch
points.
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In addition, the use of artificial intelligence and machine learning applied to sales data will make it possible
to generate valuable information for strategic decision-making, optimize the sales force and develop new
business opportunities. Although the implementation of these technologies requires investment and training,
the benefits in terms of revenue growth, customer loyalty and competitive advantage will be significant for
companies that manage to make this digital leap in the commercial area.

4.8.4  Management Area

In the Management area, business models and decision-making constitute the central functions of this area.
The ICT products adopted by companies allow users to manage data sets and the information necessary for
decision-making, and business planning, as well as for the management of other areas of the organizational
structure. When analyzing the technologies applied in the companies surveyed for the Management area,
57% correspond to Basic technologies, 31% to Medium technologies and 12% to Advanced technologies, as
presented in Fig. [10]

Basic
12%

Medium

Advanced

31% 57%

Figure 10: Distribution according to Management score

The advanced products implemented include networks for the Internet of Things (IoT), business intelli-
gence systems, computer-aided design and manufacturing, artificial intelligence, geolocation systems, virtual
reality and collaborative tools. These solutions provide managers with real-time information, simulations,
predictive analytics and an integrated view of the organization for strategic decision-making. However, the
adoption of these technologies is still limited, with only 12% of companies implementing advanced solutions
in the Management area.

In this context, it is essential to strengthen the implementation of predictive analytics and strategic
planning tools based on the use of artificial intelligence. This will allow business managers to improve
accuracy and agility in decision-making, optimize resource management and anticipate trends and business
opportunities. The integration of these advanced technologies in the management area will be key for
metalworking SMEs to be able to adapt more flexibly to changes in the environment, make efficient use of
their capabilities and maintain a sustainable competitive advantage in the market.

4.8.5 Accounting and Finance Area

In the area of Accounting and Finance, the ICTs adopted in companies allow the users who operate them
to carry out accounting tasks on the purchase of inputs, sale of products, cost analysis, as well as financial
management and automation of certain accounting records. However, when analyzing the technologies
applied in companies for the Accounting and Finance area, 58% correspond to Basic technologies, 32% to
Medium technologies and 10% to Advanced technologies, as presented in Fig. Advanced-level products
implemented include networks for the Internet of Things (IoT), business intelligence systems, computer-
aided manufacturing and design, and geolocation and collaboration tools. These solutions enable greater
data integration, process automation, and predictive analytics for financial decision-making.

In this context, it is crucial to expand the digitalization of financial processes and documents, as well
as to promote the adoption of business intelligence (BI) solutions. This will improve accuracy, agility and
efficiency in the accounting and financial management of metalworking SMEs. The implementation of these
advanced technologies will not only optimize operations but will also provide managers with more reliable
and timely information for strategic decision-making. This will be essential to strengthen the financial
sustainability and competitiveness of these companies in the market.
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Figure 11: Distribution according to score in Accounting and Finance

4.3.6 Engineering Area

In the area of engineering, the ICT products implemented in the companies allow users to carry out key ac-
tivities such as the design of production processes, traceability, fault detection, development of new products,
rapid prototyping and control of raw materials.

An analysis of the technologies applied in this area shows a predominance of basic solutions (54%),
followed by medium-level technologies (33%) and 14% advanced technologies (Fig. .

= Basic
= Medium

Advanced

Figure 12: Distribution according to Engineering score

The advanced-level products implemented include networks for the Internet of Things (IoT), business
intelligence systems, computer-aided design and manufacturing, and geolocation and collaboration tools.
These solutions enable optimized design, development and control of engineering processes. However, the
adoption of these advanced technologies is still limited, with ample room for improvement.

In this context, it is important to boost investments and skills related to advanced design and simulation
technologies. This will accelerate product development, improve product quality and optimize production
processes.

The implementation of 3D modelling tools, augmented reality, computer-aided engineering (CAE) and
additive manufacturing, among others, will be essential for metalworking SMEs to be able to respond more
quickly to market demands, reduce development times and costs, and offer more innovative solutions to
their customers. In addition, it is crucial to generate specific solutions and training to strengthen the
digital skills of engineering personnel, who lead in technological training within the organization. This will
make it possible to take full advantage of the potential of advanced technologies in this key area for the
competitiveness of the sector.

4.8.7 Purchases Area

In the area of Purchasing, the ICTs adopted in Olavarria’s metal-mechanic companies allow users to perform
purchasing tasks through different channels of the value chain. In addition, they facilitate the management
of key information such as market prices and supplier relations. However, an analysis of the technologies
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applied in this area shows a predominance of basic solutions (58%), followed by medium-level technologies
(31%) and a scant 11% of advanced technologies (Fig. [13)).

= Basic
= Medium

Advanced

Figure 13: Distribution according to Purchase score

The advanced products implemented include networks for the Internet of Things (IoT), business intel-
ligence systems, geolocation tools and collaborative solutions. These technologies help optimize purchasing
processes, manage supplier relationships more efficiently and make more informed decisions. However, the
analysis reveals that only 11% of companies have such advanced solutions. In this context, metalworking
SMEs must expand the digitization of their processes and documents related to the procurement function.

It is also essential that these companies strengthen their use of data analytics solutions to generate
valuable information that will enable them to improve efficiency and reduce costs in this key function of
the value chain. While the adoption of advanced procurement technologies is still limited, it represents a
significant opportunity for SMEs to optimize their sourcing and supplier management processes.

By harnessing the potential of these technological solutions, companies will be able to become more agile,
flexible and competitive in an increasingly dynamic business environment. This will enable them to improve
their market positioning and strengthen their long-term sustainability.

The results presented reveal a heterogeneous panorama regarding the adoption of digital technologies by
metal-mechanical SMEs in Olavarria. Although some companies, especially the larger ones, have reached
a medium level of technological maturity, basic and mid-level solutions still predominate in key areas such
as Logistics, Production, Management and Accounting/Finance. To boost the competitiveness and sustain-
ability of this sector in the context of digital transformation, it will be essential to strengthen the adoption
of advanced technologies linked to Industry 4.0. This includes Internet of Things (IoT) solutions, Artificial
Intelligence, Computer Aided Manufacturing, Business Intelligence and collaborative tools, among others.
The implementation of these technologies will allow metalworking SMEs to optimize processes, improve
decision-making, develop innovative products and provide better service to their customers. However, this
technological leap will require strategic investments, as well as strengthening the digital skills of human
talent in all functional areas.

4.4 Axis(iv): Human Talent

After analyzing the general level of technological maturity in the companies and the technological products
used in each functional area, it is essential to evaluate the level of training and digital skills of the users who
operate these technologies. Fig. [I4] shows that the Engineering area leads in technological training, while
the Administration and Production areas present a medium level. On the other hand, users of technologies
in the Logistics area show a beginner level of digital training.

These results highlight the need to develop and strengthen digital skills in all functional areas, with an
emphasis on Logistics, Administration and Production. It is crucial to implement specific training programs
to close knowledge gaps and ensure that personnel have the necessary competencies to leverage the poten-
tial of the implemented technologies. However, the lack of adoption of 4.0 solutions previously evidenced
reveals a discrepancy between business expectations and reality in terms of the existing level of technological
training. This may indicate a misalignment between training needs and the actual supply of digital skills
development programs. It is therefore essential to conduct an accurate assessment of training and techno-
logical development needs in each functional area. This will allow the designing of customized training plans
that address both the technical competencies required to operate the implemented technologies, as well as
the soft skills needed to lead digital transformation processes.
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Figure 14: Level of training and digital skills by functional areas

Regarding the offer of training in Industry 4.0 technologies, the results reveal that 56.7% of the metal-
mechanic companies in Olavarria consider it essential and a priority to have these training options. Mean-
while, 40% recognize its relevance but still do not prioritize it within their development plans. Only 3.3%
do not perceive the availability of these training alternatives as relevant (Fig. .

These results show that the vast majority of SMEs in the sector (96.7%) recognize the strategic importance
of training their personnel in 4.0 technologies. This reflects a clear awareness of the need to strengthen digital
skills to take advantage of the opportunities offered by these innovative solutions.

Not relevant

3.3%

Relevant and
priority
56.7%

Relevant but not
a priority

40.0%

Figure 15: Relevance of training in Industry 4.0 technologies in metalworking companies in Olavarria

On the other hand, the analysis of the most relevant technological profiles in metal-mechanical companies
shows an emphasis on process optimization (57.6%) and product and process development and innovation
(48.5%) (Fig. [16). This underlines the importance of innovation and continuous improvement for the
sector’s competitiveness. Likewise, Fig. highlights the growing relevance of profiles such as ”Network
Administrator” and ” Marketing and digital communication”, which reflects the need to strengthen the online
presence and digital communication strategies of these SMEs.

These results are key to identifying areas of opportunity in the technological and human development of
Olavarria’s metal-mechanic sector. Encouraging the adoption of advanced technologies and the continuous
training of personnel will be fundamental to sustaining regional economic growth.

5 Discussion

The carried out study provided specific information on the technological products implemented in metal-
working companies in the city of Olavarria, Argentina. The structure of the model applied for the survey
allowed the evaluation of the level of technological development of each of the companies studied, as well as
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Figure 16: Technological profiles in metal-mechanic companies in Olavarria

the organizational structure, identifying the functional areas and the level of technological development in
each of them.

On the other hand, the analysis of information technologies and the level of digitalization taking Human
Talent as the axis, allowed the investigation of the knowledge of people in the performance of their work
functions, as well as the type of tasks they perform.

The results obtained show that the majority of the companies analyzed, represented by 75.8%, have a
medium level of technological maturity, while 24.2% are at a basic level. As for the most advanced level
of development, it is noteworthy that no company has been identified that contains a sufficient amount of
cutting-edge technologies to place it at this level.

In terms of size, microenterprises tend to be at a basic level of maturity, while medium and large companies
show a greater adoption of advanced technologies, which, when applied to the index, are placed at a medium
level of development. Among the surveyed companies, the manufacturing of metal products activity stands
out as the one with the largest number of companies at a medium level of maturity.

From the analysis of technological products in each of the areas, it is worth highlighting that between
50% and 58% of basic technologies have been implemented in all functional areas among the total number
of companies evaluated.

As for advanced technologies in each functional area, between 10 and 13% of companies have some
advanced products, with the production area standing out for reaching 16% of these technologies. These
implemented products are preferably robots, sensors, advanced production control systems and 3D printers,
while geolocation systems for advertising and virtual reality in sales have been detected as well.

Although the Production area is mostly made up of more advanced technological products, its percentage
does not represent a significant distance with respect to the other functional areas of each company, which
shows that digital transformation requires an orderly and systematic process of incorporating technologies
in an integrated mode.

Regarding the knowledge of the people who operate the technologies in each area, it was identified that
the Engineering area concentrates the highest levels of training in all companies, the administration and
production areas show a medium level of technological training, while the logistics area exhibits a beginner
level of technological training in its resources.

Therefore, when analyzing technologies from the perspective of users in each functional area, the level
of adoption of technologies corresponds to the knowledge of the people who operate them. In this sense, it
was identified that basic technological products are in tune with the knowledge of the resources, in the same
way that the most qualified users operate with the most advanced technologies.

On the other hand, the study revealed a lack of knowledge on the part of employers regarding the real
digital skills of their staff. The analysis of the interaction of people with the technologies they operate
facilitates the identification of skills and knowledge necessary to define training strategies, in the same way
that the development of technologies requires the design of digital products focused on the real users who
operate them.
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6 Conclusions

To lead companies, especially SMEs, in their transformation towards the new digital paradigm of Industry
4.0, it is essential to identify which technologies are applicable and how they are used in different areas to
assess their situation and develop strategies that strengthen their technological development. To carry out
this assessment, it is necessary to have a standardized methodology that allows determining the technological
development of companies in the most possible objective way.

In this work, a methodology specifically proposed to assess the technological capabilities of industrial
SMEs was used. This experience contributes in two directions. First, it allows identifying the technological
products adopted by companies in each functional area operated by specific users who, in the interaction
of people and technologies, perform their functions. Second, the methodology is simultaneously validated
and the application tool is improved so that they can be replicated in other studies in various productive
contexts.

These results show a detailed view of the integration of Industry 4.0 technologies in Argentine metal-
working SMEs, providing valuable information to identify users and the ways of interaction between people
and the specific technologies with which they operate.

The low adoption of advanced technologies that make up Industry 4.0, on the other hand, shows a gap
between business perception and reality regarding the level of training and existing technological skills. This
discrepancy may indicate a lack of alignment between the expectations of companies and the actual training
of their staff who are the real users of the implemented technologies, which highlights the importance of an
accurate assessment of training and technological development needs.

The study made it possible to identify the human and technological capabilities of the companies studied,
providing knowledge to detect opportunities for improvement and design strategies that promote their tech-
nological development. In addition, the information obtained has a key strategic value, since it can be used by
public authorities to design and plan modernization programs for industries, as well as to guide educational
policies toward technological specialties that respond to the needs of the new productive paradigm.

Finally, it is proposed as future work to replicate the study by including a larger number of industrial
companies from various productive regions of the country, through cluster sampling. It is also proposed
to consider the inclusion of other relevant productive sectors such as the mining, food, and textile ones,
among others. This expansion will allow, on the one hand, to obtain more information about the adoption of
Industry 4.0 technologies in Argentina and, on the other hand, to contribute to consolidating the proposed
methodology and/or eventually, with some modification of it.
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